Background: The retro-rectus placement of a prosthesis for reinforcement of a hernia repair is a powerful surgical maneuver and results in reduced hernia recurrence rates in the absence of ventral hernia. Fascial reinforcement theoretically should improve columnar support to the spine and enhance athletic activity. The purpose of this study was to demonstrate the long-term efficacy of the restoration of the cylindrical lumbar abdominal myofascial complex as an adjunct to cosmetic abdominoplasty. Objectives: A retrospective evaluation of retro-rectus inlay prosthesis during cosmetic abdominoplasty was undertaken to subjectively assess aesthetic and functional benefits. Methods: Six patients with severe anterior fascial laxity presenting for abdominoplasty underwent prosthetic augmentation of the posterior rectus sheath. The prosthesis was measured and contoured to provide structural support to the rectus sheath and linea Alba and to restore normal anatomic features to these structures. All procedures were performed via a traditional low abdominal curvilinear incision for optimum cosmesis. Results: All 6 patients had long-term follow up, ranging from 13 to 40 months. All patients reported improved core strength and relief of back pain. All patients were pleased with the cosmetic results. Conclusions: Retro-rectus prosthetic augmentation for cosmetic abdominoplasty is effective in restoring anatomic relationships and can be used to improve core strength and to enhance aesthetic objectives.
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Most patients undergo an abdominoplasty to improve the appearance of the abdomen because a firm, flat belly is one of the hallmark signs of youthfulness, fertility, and sensuality. At the same time, the surge in athletic pursuits amongst active women has emphasized the value of good core strength. Core strength is necessary for improving performance at all levels of sport and exercise, as well as avoidance of accidental injury in the activities of daily life. Loss of core strength can occur as a sequela of many stresses on the abdominal muscles and its restoration should be entertained during an abdominoplasty. Aptly stated by Cheesborough and Dumanian, rectus diastasis, although not a true hernia, causes biomechanical alterations of the abdominal wall leading to patient discomfort and an aesthetically displeasing torso. 1 Form and function Dr Lincenberg is a plastic surgeon in private practice in Atlanta, GA. going hand in hand will be considered as a common goal for an abdominoplasty.
Childbirth, aging, and weight gain can individually and cumulatively alter the strength and appearance of the body core. As if these factors do not make it difficult enough to maintain a youthful torso, Caesarean section birthing compounds the insult to the muscular cylinder, similar to the effects of ventral hernia, which maintains spinal stability and abdominal tone. Furthermore, a Caesarean section results in increased weakness of the abdominal wall over that seen following normal vaginal delivery, and is impacted with scarred and often lacerated rectus muscles. The frequency of Caesarean sections has risen over the last 30 years and is only recently beginning to level off or decline slightly. 2, 3 Whether childbirths are vaginal or abdominal, the weakened cylindrical lumbar-abdominal myofascial complex (CLAMC) observed often in multiparous women cannot and does not perform as well as a virginal abdomen.
Contraction of the CLAMC increases the intra-abdominal pressure and tightens the core, effectively increasing the cross-sectional area of the spinal support by recruiting the torso as a stabilizer. 4, 5 The broader support is more stable to deforming forces such as bending, twisting, or collapse. On the contrary, a weakened CLAMC neither increases intra-abdominal pressure as effectively nor stabilizes the spine as firmly. Destabilization of the spine has been associated with back and lumbar pain, conversely improved spinal stability is well known to improve posture and reduce back and lumbar pain. 6, 7 In the development of the modern day abdominoplasty, much attention has been given to removal of the skin excess, contouring of the fat layer, and plication of the diastasis recti. Scientific evaluation of the functioning of the abdominal myofascial cylinder is less studied. Most plastic surgeons agree that an abdominoplasty technique should be modified or customized according to the severity of the presenting deformity. What we have not adequately attended to is the full restoration of CLAMC function. Dimensional and biomechanical methods exist to define the extent of the dysfunction, yet these are rarely utilized in the clinical setting. 8, 9 There are minimal data to compare normal values of the CLAMC anatomy and function with values seen after various types of dysfunction of these layers, and even less data comparing the dysfunctional CLAMC with a restored CLAMC. 9 A comprehensive review of the rehabilitation of the CLAMC is beyond the scope of this discussion, since much of the relevant research studies patients with neurological or skeletal disorders. With regard to normally innervated myofascial dynamics, the ventral hernia and the severe diastasis present similar disabilities. Some of the key concepts of myofascial integrity, prosthetic augmentation, and rehabilitation are employed to design our technique for restoring optimal anatomic relationships to abdomens that have sustained the most severe cosmetic and functional deterioration. Experiences with management of abdominal wall defects such as hernias and transverse rectus abdominis myocutaneous flap defects were used to guide the surgical design. 10, 11 The resulting technique was employed for cosmetic abdominoplasty on 7 patients that were determined to have severe localized myofascial abnormalities of the abdominal wall reconstructed to a near normal alignment.
METHODS
Of over 700 patients evaluated for cosmetic abdominoplasty from 2010 to 2015, three-hundred and fifty-three patients underwent some form of abdominal contouring. Traditional forms of abdominoplasty were performed in 153 patients. The principles set forth in the Declaration of Helsinki were utilized in the construction of this study.
Patients were selected to be offered a prosthesis-reinforced form of abdominoplasty by satisfying the following historical and physical criteria. Selection criteria included multiple prior pregnancies and childbirths, nonsmoker with no pulmonary disease, no connective tissue disorders.
The preferred patient exhibits a body mass index (BMI) in the range of normal (between 20 and 30 kg/m 2 ) with no signs of excessive visceral fat. In a standing relaxed posture, the patient demonstrates extreme laxity with a diastasis of the rectus sheaths as well as a widening of each rectus sheath, not merely a diastasis alone but actual widening beyond 5 cm of each rectus sheath and a lumbar lordosis correctable with paravertebral contraction. In the supine posture the relaxed abdomen is flat or scaphoid, whereas supine posture with head actively raised from the table reveals exaggeration of the diastasis, with or without true hernia.
Of the patients that were offered this procedure, 6 chose to proceed. Approximately 5 other patients declined incorporation of a reinforcing graft, usually because of the extra associated cost ( Table 1 ). All surgeries occurred between April 2013 and July 2015. The initial patient underwent reinforcement with porcine acellular dermal matrix (Strattice LifeCell Corp., Branchburg, NJ), selected over human acellular dermal matrix for its paucity of elastic collagenous content. I was unaware of the availability of an inelastic resorbable organic prosthesis when the first patient was treated. The remaining patients underwent reinforcement with processed woven silk prostheses (SERI Surgical Scaffold, Allergan, Inc., Medford, MA) ( Table 2 ).
Surgical Technique
Patients were prescribed polyethylene glycol bowel preparation as a precaution for inadvertent entry into the peritoneal cavity, perioperative first generation cephalosporin, and a regimen of medications to minimize incidence of postoperative nausea and vomiting. A low standard incision was used with umbilical stalk shortening or umbilical float if there was a high positioned umbilicus. The rectus sheaths were exposed, preserving lateral row periumbilical perforators. The diastasis was repaired with braided nylon sutures, restoring a normal width to the linea Alba. Anterior rectus sheath was not recruited into this repair. This maneuver places initial tension on the posterior layers of the thoracolumbar fascia. Further tension was later added with the mesh prosthesis. The anterior sheath was incised medially and the rectus muscles were released from the posterior sheath completely to the conjoined tendon of the semilunar line, facilitating identification of intercostal neurovascular bundles penetrating through the tendon into the rectus muscles. 11 The prosthesis was trimmed to approximately a 10 cm width and to the measured length from xiphoid to pubis while supine (Figures 1, 2 ). Two sets of 4 heavy absorbable parachute permanent sutures were positioned through the semilunar line, avoiding proximity to the intercostal nerves, and sequentially secured to restore normal rectus sheath width. If there was excess tension to reduction of the rectus sheath width, relaxing incisions through the external obliques were added bilaterally. Formal component separation with dissection between external oblique and internal oblique was not needed. These relaxing incisions were utilized when normal knotting force on the parachute sutures did not approximate the linea semilunaris to the surface of the prosthesis. Normal knotting force was defined as the avoidance of excess tension during fixation recognized by suture sawing through the conjoined tendon. The prosthesis was tacked to the repaired linea Alba and the umbilicus were delivered through a cutout in the prosthesis. The rectus sheaths were sutured to the prosthesis, further defining the linea Alba. A video demonstrating the technique is available online as Supplementary Material at www.aestheticsurgeryjournal.com.
Ancillary Techniques
Liposuction of the fat layer between Camper's and Scarpa's fascia was performed when indicated. Direct excision of fat layered deep to Scarpa's fascia to the umbilical level was performed if substantial. Umbilical shape 
Postoperative Care
Instructions were emphasized and designed to off-load the abdominal muscles with alternate ways to rise from supine or seated positions and avoidance of activities that require sudden twisting or lifting movements. Exercises were restricted for 6 weeks. Daily walking was encouraged. Patients were encouraged to use stool softeners.
RESULTS
The data consist of 6 females, ranging in age from 26 to 74 years (mean, 41.5 years) and ranging in BMI from 20.6 to 31 kg/m 2 (mean, 24.1 kg/m 2 ). All patients had multiple pregnancies that severely weakened their abdominal wall tone. All patients underwent diastasis repair plus reduction in rectus sheath width aided by placement of a retro-rectus prosthesis, with 5 patients also undergoing release of the external oblique muscles from the semilunar conjoined tendon. Reinforcement of the CLAMC was obtained with biosynthetic silk prostheses in 5 patients and acellular dermal matrix in 1 patient. There were no perioperative complications. Long-term follow up ranged from 13 to 40 months (mean, 21.5 months). Examples of representative patients are pictured (Figures 3, 4) .
DISCUSSION
Functional anatomists and bioengineers widely agree that the effectiveness of muscle contraction and strength is strongly related to normal muscle shape and orientation.
Normal muscle thickness and function have been elucidated with radiologic and biomechanical methods. Altered muscle shape and function have been studied by several authors, yet surgically restored muscle shape and function have not been evaluated. [15] [16] [17] [18] [19] Weakened fascia can allow muscles to flatten or bow and can affect the moment of force that the muscle can effectuate. Gunnarsson et al measured abdominal muscle strength using the Biodex system in patients with diastasis rectus and reported a strong correlation between strength of the abdominals and the size of infraumbilical diastasis. 4 The Biodex system for measuring the strength of abdominal muscles has been validated by both Stark et al and Gunnarsson et al. 8, 9 Benefits of effective tensioning of the lumbar fascia on spinal support is documented by Barker. 20 Although difficult to perform, we would like to see an evaluation of the broader myofascial complex of the abdominal wall, including the rectus sheath. The hernia literature concludes that weakened fascia is a main cause of hernia recurrence, probably because the fascia itself has not been altered during the repair. The configuration of the rectus sheath reveals that only the middle segment of the rectus muscle is completely enclosed, with the posterior sheath lacking in parts of the superior and inferior segments: superior to the costal margin the aponeuroses are deficient because they either do not extend that far superiorly (internal and external oblique muscles) or attach to the costal margin (transversus); inferior to the arcuate line, the internal oblique aponeurosis passes anterior to the rectus and since the other 2 aponeurosis are fused to it, the posterior surface of the rectus is in contact with the transversalis fascia. The deficiency commonly identified in connection with low back pain is concerned less with the size of the resting transversus than with the ability to activate the muscle (ie, increase its thickness) during exercises such as the "abdominal hollowing maneuver," a test used in the assessment and training function. 6 If one's goal is to repair a diastasis and to narrow the width of the rectus sheath, one procedure stands out beyond the rest. The wide abdominal rectus plication, or WARP, abdominoplasty described by Oneal et al in 2011 suture plicates the diastasis and some portion of the width of the anterior rectus sheath rotating the recti up to 90 degrees along their longitudinal axis and rolling both muscles inward to face one another. 21 Eight patients with chronic low back pain completed the Oswestry Disability Index questionnaire. Five of the 8 patients had suture plication of the lateral borders of the rectus muscles to one another and the other 3 patients underwent plication of the body of the anterior rectus sheaths to one another. Patient follow up ranged from 2 to 11 years. Imaging was not done to look at the postoperative shape of the muscles or the degree of relapse. Seven of the patients reported long-term relief of their intractable back pain, validated by the same questionnaire. The impressive results of this technique support the ability of CLAMC rehabilitation to reduce or eliminate overuse of the back musculature and consequently relieve lower back pain. The aesthetic consequences of this technique were not discussed, nor did the authors present aesthetic images of their patients.
An aesthetic classification of the myoaponeurotic layer of the abdomen has been proposed by Nahas. The type D deformity of this classification is clinically defined by a rectus diastasis and a poor waistline. Of the 88 patients in this study, 2 patients (2.3%) were in the type D category and the treatment of this deformity included plication of the rectus sheath and advancement of the external oblique muscle flaps to approximate them to one another in the midline. The author recommends that "the fine contour of the anterior abdomen should always be preserved," whereas "wide plication of the anterior rectus aponeurosis, focusing on the increased tension of the abdominal wall, tends to destroy this fine contour." 22 Another concern is the rate at which suture repairs relapse or breakdown. Al-Qattan reported that 20 of 20 grand multiparous patients, defined as mothers of 5 children or more, developed recurrent laxity following WARP technique abdominoplasty. 23 Netscher also addressed durability of diastasis repair. In 9 patients, 3 with one year follow up, "most patients developed minor separation at the site of maximal plication." 24 Van Uchelen et al reported long-term follow-up evaluation by ultrasonography of 40 patients treated with diastasis repair abdominoplasty. Mean follow up was 64 months and 16 of the 40 patients had sonographic diastasis recurrence per Rath's criteria. 25, 26 Whereas, Nahas et al ask and answer the question, "Should diastasis recti be corrected?" in a trio of studies, he concludes with computed tomography (CT) scan confirmation at one year that plication is effective and lasting with 2 layers of sutures. 27 Furthermore, a long-term follow-up CT scan done on average 81.2 months postrepair showed no return of diastasis for any patient. 28 He proposes several factors that may contribute to failure of repair and states that "although it may seem that plastic surgeons have limited action over the aponeurosis, it is possible to work in other areas of the musculoaponeurotic layer." 29 Diastasis plication alone is sufficient for the majority of women with minor defects whereas it is an incomplete restoration of the CLAMC when there is substantial rectus sheath distortion. The WARP procedure reinforces the diastasis repair and incidentally reduces the width of the rectus sheath. However it results in a double twist of the rectus muscles and a failure to add sufficient tension to the transversus aponeurosis. The distortion that is created cannot be optimal for muscle strength. Many techniques have been described to reinforce the hernia repair with material meant to strengthen the fascia. Debate continues regarding the optimal placement of the reinforcing material and the ideal material to utilize.
What attributes are desired for a reinforcing soft-tissue prosthesis? The ideal prosthesis would insert harmlessly, function quietly, and disappear seamlessly. Permanent mesh prostheses are associated with increased infection rates, hollow organ perforation, foreign-body granulomatous scarring, and extrusion. Dermis-derived prostheses exhibit varying degrees of stress relaxation before the cellular ingrowth has remodeled the prosthesis. Some of the dermis-derived prostheses result in exuberant inflammatory reactions. 30 A synthetic silk-derived prosthesis has limited immunogenicity, minimal stretch, long-lasting tensile strength, and eventual physiological replacement. For these reasons it is preferred for this procedure.
Prosthesis positioning has also been considered. The prerectus plane aka onlay placement is certainly easier to access although it necessitates more disruption of perforators and susceptibility to seroma or infection. The retro-rectus inlay placement preserves vascularity to the anterior rectus sheath and overlying tissues but by definition requires a more extensive dissection. Direct contact of the prosthesis to the rectus muscles may accelerate its incorporation and may provide a vascular barrier to infection. Two published reports demonstrate retro-rectus techniques. Bauer et al performed 57 midline incisional hernia repairs and employed a retro-rectus prosthesis (29 polypropylene, expanded Poly Tetra Flouro Ethylene (ePTFE), 15 perforated ePTFE) sewn into the lateral part of the rectus muscles, with parachute suture knots placed on top of the anterior rectus sheath. There were no hernia recurrences, fistulas, or cases of chronic postoperative pain. Seven patients had seromas and 2 patients required prosthesis removal for infection 10 A minimal mesh technique described by Cheesborough and Dumanian for 32 patients utilized a 7 cm wide polypropylene mesh, secured to the repaired diastasis and sandwiched through the rectus muscles and anterior rectus fascia a distance of 4 cm from the medial incised edge of the anterior rectus fascia. As many as forty 0-polypropylene transrectus sutures are placed to avoid the epigastric artery axis and the intercostal nerves, and to preserve the aesthetic contours of the semilunar lines. The sutures are tied down distributing the "high-tension closure" forces amongst the many sutures. The 8 cm of rectus fascia is tightened onto a 7 cm permanent mesh. The anterior rectus complex (muscle and fascia) is also sutured closed over the mesh. 1 Sutures penetrate the rectus muscles in both studies, fixing the rectus to anterior rectus sheath at multiple points and not just at the inscriptions, and conceivably could inadvertently entwine a neurovascular bundle. More importantly, the rectus sheath is not narrowed and the rectus muscles are not guided into molding back to a normal width and shape. The described technique is developed based upon timetested principles and methods for abdominal wall reconstruction. The use of a confluence of 3 fascial layers to affix the mesh to is arguably a stronger structure, defines the width of the rectus sheath, freely allows the rectus muscle to resume its tubular shape, and has not distorted the semilunar line aesthetics. The synthesis of myofascial stabilization and reinforcement in this report differs from other reports in the literature. The woven silk prosthesis is selected for its lack of substantial antigenicity, prolonged tensile strength, minimal abrasiveness, ease of use, and extensive safety profile in other abdominal wall applications. The goals of this variation of abdominoplasty are to normalize and maintain rectus sheath width, rectus muscle shape, transversus and thoracolumbar fascia tension, and ultimately enhance core strength and abdominal wall aesthetics. The data presented in this study are not substantial enough to support the achievement of these goals, yet the outcomes are sufficiently intriguing to pursue additional investigations.
Analysis of this small series of cases raises more questions than it answers. A larger series of patients is needed to properly evaluate the risks of complications that may arise with this procedure, including the risks of implantation of prosthetic devices. Additional biomechanical studies are needed to determine the optimal cross-sectional shape of the rectus muscles for efficient contraction, the optimal tension of the transversus muscles, and the contribution of the inscriptions to muscle function. Both the fields of sports medicine and rehabilitation medicine propound the benefits of optimal core strength and stability, yet scientific confirmation is lacking. As plastic surgeons, we bring another perspective to this issue. Since form follows function, aesthetic goals are achievable by attending to the restoration of efficient function.
CONCLUSIONS
Improved core strength and belly attractiveness are the desirable goals for abdominoplasty. Patients consistently claim that improved core strength, Valsalva intensity, and resolution of low back pain follow tightening of the CLAMC. Though diastasis plication alone is sufficient intervention for the majority of women with isolated diastasis laxity, it is an incomplete restoration of the CLAMC when substantial widening and distortion of the rectus sheath itself compounds diastasis laxity. Prosthetic augmentation of the CLAMC opens new possibilities to the capability of an aesthetic abdominoplasty to improve function.
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